Investigation of In-Situ Stresses in Rocks via Acoustic Emission and the Kaiser Effect. by Blanksma, Derrick J.
University of North Dakota
UND Scholarly Commons
Undergraduate Theses and Senior Projects Theses, Dissertations, and Senior Projects
2011
Investigation of In-Situ Stresses in Rocks via
Acoustic Emission and the Kaiser Effect.
Derrick J. Blanksma
Follow this and additional works at: https://commons.und.edu/senior-projects
This Senior Project is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has
been accepted for inclusion in Undergraduate Theses and Senior Projects by an authorized administrator of UND Scholarly Commons. For more
information, please contact zeineb.yousif@library.und.edu.
Recommended Citation
Blanksma, Derrick J., "Investigation of In-Situ Stresses in Rocks via Acoustic Emission and the Kaiser Effect." (2011). Undergraduate











































































































































































































































































































































































































































































































































































































































































































































































































































































































































Model 816 Mlitj.purpooe Rock and Conaele Testing 
Model 316 Load Frame Dimensions 
Model 316.01 Model 318.02 Model 318.03 llloclell'IUI 
Dimensioa& mm ;. mm ;. ... ;. mm io 
A 1116 43.9 1216 47.9 1216 47.9 1213 60.1 
8 940 37.0 1048 41.25 1048 41.25 1048 41.25 
C 686 27.0 737 29.0 737 29.0 737 29.0 
D n4 28.5 n4 28.5 n4 28.5 724 28.5 
E 470 18.5 419 16.S 419 16.S 419 16.S 
F 406 16.0 437 112 498 19.6 526 20.7 
G 816 32.1 816 32.1 8 16 32.1 816 32.1 
H 965 38.0 1118 44 1118 44 1118 44 
J 762 30 762 30 762 30 
K 457 18.0 610 24 610 24 610 24 
~ to tne kllOWlng ITgll'e for a1mens10n IOC8tlOns. 












24-Bit Flexible-Resolution Digitizer 
 
• 24-bit resolution up to 500 kS/s, ranging to 16 bits at 15 MS/s 
• 2 simultaneously sampled channels 
• Up to -114 dBc SFDR 
• -120 dBFS rms noise 
• Integrated antialias protection for all sampling rates 




The NI PXI-5922 is a dual-channel flexible-resolution digitizer with the highest resolution and highest dynamic range of any digitizer on
the market. It maximizes vertical resolution based on the selected sample rate, from 24 bits at rates up to 500 kS/s to 16 bits at 15 
MS/s. This unparalleled flexibility and resolution are achieved with NI Flex II ADC technology, which uses an enhanced multibit delta-
sigma converter and patented techniques for linearization. By combining the PXI-5922 with software such as NI LabVIEW, you can 
define functionality to create different instruments, such as DC and rms voltmeters, audio analyzers, frequency counters, spectrum 
analyzers, IF digitizers, and I/Q modulation analyzers, with measurement performance that exceeds that of high-end traditional 
instruments with similar functionality. 
Specifications 
Specifications Documents 
• Specifications   
• Data Sheet 
Specifications Summary 
General 
Product Family Digitizers/Oscilloscopes 
Form Factor PXI Platform 
PXI Bus Type PXI Hybrid Compatible 
Part Number 779153-01 , 779153-02 , 779153-03 
Operating System/Target Windows , Real-Time , Linux 
LabVIEW RT Support Yes 
Triggering Analog , Digital 
Synchronization Bus (RTSI) Yes 
External Clocking No 
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Length 16 cm 
Width 10 cm 
Height 2 cm 
I/O Connector SMB male , BNC connectors 
Power Requirement for +3.3V Rail 2 A 
Power Requirement for +5V Rail 1.4 A 
Power Requirement for +12V Rail 330 mA 
Power Requirement for -12V Rail 280 mA 
Slot Two Module No 
Module Width 1 
MXI Compatible Yes 
Product Name PXI-5922 
Analog Input 
Channels 2 
Resolution 24 bits 
Simultaneous Sampling Yes 
Sample Rate 15 MS/s 
Bandwidth 6 MHz 
Input Impedance 50 Ohm , 1 MOhm 
Maximum Common Mode Voltage 42 V 
On-Board Memory 256 MB/ch 
Frequency Range 0 Hz , 6 MHz 
Max Voltage -5 V , 5 V 
Maximum Voltage Range Sensitivity 596 nV 
Minimum Voltage Range -1 V , 1 V 
Supports Alias Protected Decimation? No 
Provides Digital Down Conversion? No 
Spurious-Free Dynamic Range 114 dBc 
Total Harmonic Distortion (THD) -112 dBc 
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Signal-to-Noise-and-Distortion Ratio (SINAD) 105 dB 








© 2011 National Instruments Corporation. All rights reserved. For information regarding NI trademarks, see ni.com/trademarks. 
Other product and company names are trademarks or trade names of their respective companies. Except as expressly set forth to 
the contrary below, use of this content is subject to the terms of use for ni.com. 
National Instruments permits you to use and reproduce the content of this model page, in whole or in part; provided, however, that 
(a) in no event may you (i) modify or otherwise alter the pricing or technical specifications contained herein, (ii) delete, modify, or 
otherwise alter any of the proprietary notices contained herein, (iii) include any National Instruments logos on any reproduction, or 
(iv) imply in any manner affiliation by NI with, or sponsorship or endorsement by NI of, you or your products or services or that the 
reproduction is an official NI document; and (b) you include the following notice in each such reproduction: 
“This document/work includes copyrighted content of National Instruments. This content is provided “AS IS” and may contain out-of-




Laptop Control of PXI with ExpressCard 
 
• Direct laptop control of PXI/CompactPCI 
• Software transparent link that requires no programming 
• Sustained throughput up to 110 MB/s 
• Cabling up to 7 m with rugged screw-in connectors 




With the National Instruments PXI-ExpressCard8360 kit, you can transparently control PXI and CompactPCI systems from a laptop
computer with either an ExpressCard/34 or ExpressCard/54 slot. The PXI-ExpressCard8360 kit consists of an ExpressCard-8360 card 
in the laptop connected via an ExpressCard MXI cable to an NI PXI-8360 module in slot 1 of a PXI chassis. The ExpressCard-8360 
card provides a x1 (by one) PCI Express link that is cabled to the PXI-8360 module. The PXI-8360 module includes a bridge that 
converts the cabled PCI Express link to the PCI bus that is used in PXI. Thus, all PXI modules appear to you as if they are PCI boards 
within the laptop computer itself. For a list of laptop computers that are compatible with the PXI-ExpressCard8360 kit, visit PXI-




• Specifications  (4) 





Product Name PXI-ExpressCard8360 
Form Factor PXI Platform 
PXI Bus Type PXI Only 
Part Number 779507-03 
Operating System/Target Windows , Real-Time 
LabVIEW RT Support Yes 
Controller 
Controller Type Remote 
Communication Technology PCI Express 
Sustained Performance 110 MB/s 
Cable Material copper 
Maximum Cable Length 7 m 
Electric Isolation No 
Software Support for NI System Monitor No 
Maximum Links per Host Card 1 
Slot Requirement 1 
PXI Power Req - max current for 3.3 V Rail 1.75 A 
PXI Power Req - max current for 5 V Rail 20 mA 
PXI Power Req - max current for +12 V Rail 20 mA 
PXI Power Req - max current for -12 V Rail 0 mA 
PC Power Req - max current for 3.3 V Rail 280 mA 
Physical Specifications 
Length 16 cm 
Width 10 cm 
Minimum Operating Temperature 0 °C 
Maximum Operating Temperature 55 °C 






© 2011 National Instruments Corporation. All rights reserved. For information regarding NI trademarks, see ni.com/trademarks. 
Other product and company names are trademarks or trade names of their respective companies. Except as expressly set forth to 
the contrary below, use of this content is subject to the terms of use for ni.com. 
National Instruments permits you to use and reproduce the content of this model page, in whole or in part; provided, however, that 
(a) in no event may you (i) modify or otherwise alter the pricing or technical specifications contained herein, (ii) delete, modify, or 
otherwise alter any of the proprietary notices contained herein, (iii) include any National Instruments logos on any reproduction, or 
(iv) imply in any manner affiliation by NI with, or sponsorship or endorsement by NI of, you or your products or services or that the 
reproduction is an official NI document; and (b) you include the following notice in each such reproduction: 
“This document/work includes copyrighted content of National Instruments. This content is provided “AS IS” and may contain out-of-
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σv	=	vertical	principal	stress	
σH	=		maximum	horizontal	principal	stress	
σh	=	minimum	horizontal	principal	stress	
α	=	effective	stress	coefficient	
pp	=	pore	pressure	
σv0	=	Kaiser	stress	in	the	vertical	direction	
σ0°,	σ45°,	σ90°	=	Kaiser	stress	in	the	plugs	
orientated	at	directions	0,	45	and	90	
respectively.	See	Fig.	###.	
θ	=	angle	between	the	0°	direction	and	the	
maximum	horizontal	principal	stress	
direction	
(Fa,	Zeng,	&	Liu,	2010)	
The	validity	of	this	process	could	be	
determined	using	the	KISS	System.	
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